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INTRODUCTION
Thyroid disease affects nearly 10% of the population [4] . Alterations in thyroid hormone levels have a profound impact on the cardiovascular system [13] . Cardiovascular dysfunction has been associated with both hyperthyroidism and hypothyroidism [13, 20] . In hypothyroidism, the cardiovascular dysfunctions are decreased cardiac contractility, cardiac output, heart rate, and left ventricular compliance with increased total peripheral vascular resistance [21] . Haemodynamic effects of hyperthyroidism are opposite to those of hypothyroidism [6] ; they are in the form of increased cardiac muscle contractility, heart rate, cardiac output, red cell number, blood volume, and decreased total peripheral resistance [22] . Aortic dissection, aortic aneurysm and atherosclerosis had been reported with hypothyroidism [9, 18] .
Up to our knowledge, there are limited data about the influence of hypothyroidism and hyperthyroidism on the connective tissue component and smooth muscle cells of the thoracic aorta, as most of the literatures are concentrating their works on the mechanical affection of aorta in thyroid gland diseases, using the noninvasive techniques. In addition, the data on the histological composition in human aortas of hypothyroid patients are scarce [20] .
We hypothesised that thyroid hormone dysfunctions have structural effects on the thoracic aorta. Therefore, we aimed in this work to study the histological changes of the wall of the thoracic aorta in the hypothyroid and hyperthyroid albino rats. Morphometric measurements were also done using the image analyser.
MATERIALS AND METHODS
Thirty adult male Sprague Dawley rats weighing 200-250 g were used. The animals were acclimatised to standard laboratory conditions (12:12-h light-dark cycle, temperature 20°C, relative humidity 55%, and central ventilation). They were fed ad libitum and allowed free water supply. The animals were raised in the animal house of the Faculty of Medicine, Cairo University, which follows its guideline, and also according to the guideline of the National Institute of Health Guide.
The animals were divided into 3 groups: control group, hyperthyroid group and hypothyroid group. Each group consisted of 10 rats.
Hyperthyroidism was induced by the administration of L-thyroxine (L-thyroxine sodium salt pentahydrate, Sigma Chemicals, St. Louis, Missouri). L-thyroxine (1 mg/100 mL) was added to the drinking water daily for 8 weeks [16] . The oral treatment induced hyperthyroidism without causing the stress provoked by the daily injections [16] . This method was proved to be effective in induction of hyperthyroidism [25] .
Hypothyroidism was induced by the administration of propylthiouracil (PTU, Sigma Chemicals, St. Louis, Missouri). Propylthiouracil (0.04 g/100 mL) was added to the drinking water daily for 8 weeks [17] . Such concentration used resulted in a moderate hypothyroidism [23] .
Both hypothyroidism and hyperthyroidism were confirmed by determining serum concentration of total T 3 and total T 4 . This was accomplished in the laboratory by use of radioimmunoassay kits [8] .
The animals were sacrificed after 8 weeks of agents' administration by a high dose of ether. The thoracic cavity was opened through a median sternotomy. The descending aorta was excised with extreme care to avoid damage to the aortic wall.
Light microscopic study
Parts of the descending aorta were fixed in phosphate--buffered formaldehyde solution and routinely processed for paraffin sections. At least 4-8 sections were prepared from each specimen. The sections were separated by a given distance 20 µm to obtain roughly random choice of sections for morphometric measurements. The sections were stained with haematoxylin and eosin (H&E), orcein stain for elastic fibers detection, and Masson's trichrome for collagen staining. The prepared sections were examined and photographed using a Canon digital camera (Canon, Japan) attached to IBM computer system.
Morphometric study
The sections were examined using Leica Qwin 500 image analysis software on IBM operated computer system (Leica Microsystems, Wetzlar, Germany). Thirty preparations in each group were subjective to the quantitative studies: 1. Number of smooth muscle cell nuclei/field; 2. Number of the elastic lamellae/field; 3. Thickness of the tunica media: this measurement includes both the thickness of the intima and media, as it is difficult to draw a clear border between intima and media in an elastic type artery; 4. Elastic fibre optic density: this was done by transforming the image into grey image and then masking the positive areas by blue binary colour. The parameters chosen were the number of pixels, the sum of grey and mean grey areas. The optical density was expressed in the form of mean grey area that was obtained by the following equation:
5. The relative collagen area was measured inside a standard measuring frame of a known area. The collagen fibres were selected and masked by blue binary colour. Then the area of the blue binary colour was measured and expressed as an area per cent in relation to the area of the standard measuring frame of a known section area.
Number of pixels Mean grey area = Sum of grey area
In addition, atheromatous plaques were observed in some animals ( Fig. 1D ). In the hypothyroid group, the histological structure of aorta was similar to that of the control group (Fig. 1E ).
Histological structure of rat descending aorta in control and experimental groups, as revealed by orcein and Masson's trichrome staining
The orcein stained sections showed the arrangement of the elastic lamellae of different studied groups, with relatively wide gaps between the elastic lamellae in the hypothyroid group (Figs. 2A-C).
As compared with the control group (Fig. 3A) , an increase of the volume of collagen fibres between the elastic lamellae in aorta's wall was observed in both the hyperthyroid (Fig. 3B ) and hypothyroid (Fig. 3C) groups, using the Masson's trichrome staining. Intimal ulceration had been observed in the hypothyroid group (Fig. 3D ). In addition, thinning and ruptures of the elastic lamellae were observed in some rats of this group; this was accompanied by the presence of wide gaps between the elastic lamellae (Fig. 3C) . Finally, severe structural changes The data were collected and studied using analysis of variance (one way ANOVA), followed by post hoc Bonferroni test to compare between the studied groups using SPSS v. 20 statistical program. The quantitative data were examined by Kolmogrov Smirnov test for normality. Level of significance was considered at p-value < 0.05.
RESULTS

General microscopic structure of rat descending aorta in control and experimental groups
The H&E-stained sections of the control group showed typical 3 tunicae of the thoracic aorta: the tunica intima with the endothelial cells lining the tunica media with the normal arrangement of elastic lamellae and the horizontally oriented spindle-shaped nuclei of the smooth muscle cells, and finally the tunica adventitia (Figs. 1A, B) .
All the rats of the hyperthyroid group presented with morphological alterations of the smooth muscle cell nuclei of the tunica media. The tunica media showed degeneration, round-shape and hyperplasia of the smooth muscle cell nuclei (Fig. 1C) . 
Morphometric evaluation of the aorta structure
Structural alterations of thoracic aorta structure were observed in both hyperthyroid and hypothyroid groups in comparison to the control group. The mean number of smooth muscle cell nuclei in the hyperthywere observed in 2 rats of the hypothyroid group in the form of abnormal arrangement and fusion of the elastic lamellae (Fig. 3E) .
Total levels of T 3 and T 4 in different groups had been recorded in Table 1 . roid group was nearly doubled and tripled compared to the control and hypothyroid groups, respectively (Tables 2, 3 ). However, the number of myocytes' nuclei in the aorta's wall of hypothyroid rats was decreased by 25% as compared to the control group (p = 0.0001).
The average number of elastic lamellae in the hyperthyroid group was not different compared to that of the control group, and was 38% more than that of the hypothyroid group (p < 0.05); moreover, their mean number had been decreased by 21% in the hypothyroid group compared to that of the control group (p = 0.000) (Tables 2, 3) .
The thickness of the tunica media of both hyperthyroid and hypothyroid groups increased by 75% and 35%, respectively, when they were compared with their similarities in the control group; however, the thickness in the hyperthyroid group was nearly more than that of the hypothyroid group by 30% (p = 0.000). The mean elastic fibre optic density had been decreased in both hyperthyroid and hypothyroid groups by nearly 30% compared to their fellows in the control group (p = 0.000); however, no difference had been observed between the hyperthyroid and hypothyroid groups (p = 1).
The relative collagen area had been increased in the hyperthyroid group by 142% when compared to that of the control group, and it also had been increased in the hypothyroid group by 120% when compared to that of the control group. Nearly no difference had been observed between the hyperthyroid and the hypothyroid groups.
DISCUSSION
The aortic wall is composed of elastin, collagen, and smooth muscle. The viscoelastic properties of the arterial wall depend on a passive component due to elastic and collagenous connective tissue and on an active component due to smooth muscle activity [2] . The aorta is from the elastic type arteries with a higher proportion of elastic fibres and only a small quantity of smooth muscle cells [2] .
In the current study, degeneration with change shape of the smooth muscle cell nuclei had been observed in the hyperthyroid group. These nuclear changes seemed to be models on which aortic dissection may occur [12] . In addition, the mean number of the smooth muscle cell nuclei had been doubled in the hyperthyroid group compared to the control group. This increase seemed to be related to the strong mitogenic effect of T 3 and its capability of cell proliferation in rats [29] . Wang and Sun [29] added, that T 3 induced the rat aorta smooth muscle proliferation by up-regulating a gene called NOX 1 . The smooth muscle cells of the aorta are responsible for the production of extracellular matrix [19] . They make substantial contributions to the elastic lamellar architecture through their production of elastin, collagen, and other matrix proteins [24] . They also participate in matrix remodelling through localised expression of various proteinases and their inhibitors [3] .
The decrease in the elastic fibre optic density and the increase of the area % of collagen fibres had been observed in both hyperthyroid and hypothyroid groups. These structural changes affect the mechanical characteristics of the aorta. Sokolis el al. [27] reported that at low pressures, passive stiffness of the aorta is determined by the elastin content, and at high pressures, the stiffness is determined by the collagen content. The previous authors added that at physiologic pressure, the stiffness is determined by both elastin and collagen content [27] . The impairment of the elastic properties of the aorta and the marked increase in its collagen content are associated mostly with increased stiffness of the aorta and decrease of its distensibility [20, 30] . The impairment of aortic elastic properties in hyperthyroidism may be due to the direct effect of the thyroid hormones on the aorta and due to the modulate effects of thyroid hormones on the vascular renin-angiotensin system [1] .
One important finding in the current study was the presence of atheromatous plagues in the aortic wall of the hyperthyroid group. It was reported that the increased stiffness of the aorta was associated with the development of cardiovascular disease [28] . The change of the aortic stiffness contributed indirectly to the development of atherosclerosis, through the effects of cyclic stress on arterial wall histological alterations [14, 15] .
Another important finding in the hypothyroid group was the presence of aortic dissection. Intimal wall tear had been observed in this group. This tear allowed the shear forces of blood flow to dissect the intima from the media and to penetrate the diseased media with resultant rupture of aortic lamellae. Beside the ruptured aortic lamellae, wide gaps between the elastic lamellae had been observed in the previously mentioned group. Many investigators contributed the association between hypothyroidism and aortic pathologies, such as aortic dissection, to the effect of hypothyroidism on the mechanical performance of the aorta, the disturbance of the mechanical properties of the aorta, and to the altered mucopolysaccharide turnover leading to weakening of the aortic wall [5, 26] . The occurrence of aortic dissection in cases of hypothyroidism is a very important finding, as the mortality rate associated with thoracic aortic dissection is high [10] , leading to a 68% mortality within 48 hours [7] .
We have observed the increase of the thickness of the thoracic aorta tunica media in the hyperthyroid and hypothyroid groups. This increase was mostly secondary to the increased relative collagen area that had been observed in both groups. In addition, the increased thickness of the tunica media may be partly due to the increased medial smooth muscle cells observed in the hyperthyroid group. It was reported that aortic intima-media thickness was an earlier marker of preclinical atherosclerosis [11] , which had been observed in the hyperthyroid group.
CONCLUSIONS
We concluded that structure wall affections of the intima and media of the thoracic aorta were associated with thyroid hormone dysfunctions in the albino rats. These changes were more severe and profound in the hypothyroid group.
We recommend the routine follow-up of the thoracic aorta in patients with thyroid hormone dysfunction -especially the hypothyroid one -with noninvasive maneuver like Doppler for early detection of the medial wall aortic affection, so that severe pathological complications can be avoided.
